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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.
TECENICAL NOTE NO.20.

NOTES ON SFECIFICATIONS FOR FRENCH AIRFLANE COMFETITIONS.

By
W. Margoulis.

Translated from the French by
Paris Offics, N.A.C.4A.

The following translation from "L'Auto," of the rules officially
adopted by the Aeronautical Sporting Comission of the Aero Club of
France, at ite meeting on February 6th, was made by the Paris Office
of the National Advisory Committee for JAeronautics, in view of the gen-
eral interest that has been evidenced in the Gordon-Benneitt and other
aeronautical competitions.

The Comg'eti: tion of 1920.

The follawing Rules were officially adopted by the fAeromautical
Sporting Coammission of the Aero Club of France at its meeting on Febtru~
ary 6th.

The newspaper "LYAuto" offers a Prize of 10,000 francs for a test
flight, to be known as the "Prize for Greatest Speed Range.® The test
flight can be made at any time between April 1lst and July lst inclusive.
The Prize will be amarded to the pilot who sutceeds in obtaining the high-
est maximum and lowest minimun speeds, and in landing within the short-
sst distance. Ome classification will be made of the speed ranges and
another of the landing distances, the final award deperding on the result
of the two lists. In case of a tie the competitors will be placed ac-
cording to the Speed Range classification.

The Test Flight must be made in France on the Villacoublay aerodroms,
where a dase of 3 kilometers will be established by the corganizers

The Competitors must make the Test Flight elone in the machine; the
flight can be made only in a wind of less thany 10 meters per second, the
speed being measured at 10 meters from the ground by the Commissionsrs.
The flight must be accomplished by the aid of usual flying tactics only,
all stunt flying, such as looping, being excluded.

The Competition is limited to machines of Class ©, (engine driven:
airplanes).
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. The Entry Fee is 500 francs, which will not be returned. The Entry
Fees will be used to provide additional prizes, viz.: one-half to the
Competitors placed second; one-quarter to those classed third; ome-eighth
to those classed fourth; ome-sixteenth to those placed in the fifth class,
etc,, ete., at the same decreasing rate for all classaes of competitors.

The Prizs for Greatest Speed Range is only open to French Pilots

gloy:ng machings dbullt in France by a French Constructor or a French
clety. ' .

The Entry Form must be signed by the pilot. IEntry Forms may be
seut to the officen of "L'Auto" 10, rue du Faubourg Montmarire, on and
after March 1lst, 1920, Applications for entry must be made in writing
on ths Entry Form adopted by "LTAuto", and accampanied by the sum of 500
france, aight days btefore the date of the first test. The Test Flights
will commence at Villacoublay on April lst at 8 a.m., They will take
Place twice a week, on Tuesdays and Thursdays. Entrants must inform the
organizers of the day and hour of their test flight before the Saturday
of the week preceding the time chosen.

The Compotition will be conducted as follows:

lst. Test of Maximum Srsed. A straight linse of 3 kilameters will
be marked off by pylones cn the Villacoublay merodrome. The entrants
must cover this distance - thers and back - at paximun speed. The mean
time taken for the double jouwrney will then be calculated by the times
(going and returning) noted, allowing for the velocity of the wind meas-
ured by anemaneter at the time of the test flight.

The flight should be practically horizontal.

The interval between the end of the first part of the £light (going)
and the beginning of the return journey must be less than five minates
without landing. During thet interval the competitor should keep out-
side the track. .

2nd. Miniman Speed Test under the same conditions, the messurements
will again be taken for the same machine flying horizontally at its mini-
mum spesd. '

If t is the average time taken to cover the distance marked at max-
imun speed, axd T the time required to cover the same distance at minimun
speed, the machines will be placed according to the valuss of the ratilo /t.

Bach machine entered shall have the right to make three attempté, not
necessarily on the samse day.

The machines must undergo no meodification for the two tests - the
maximun and minimun spesed - and must carry the same useful welght for
each test. In changing the speed of flight, the pllot must use only the
controls of the engine or of the machine. Wing manipulation can only
take place during flight.

The tests will be made at a practically constant height of 500 meters;
the canpetitors must have on beard & barcmeter registering up to & maximun
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of 1000 meters, sealsd by the commissionsrs. This barameter must be ac-
cgpted by the canmissioners. The differences of altitude must not excsed
50 meters more or less than thes prescribed altitude. The mechine must
not leave the given track of 100 meters in width.

The tests will be made individuslly; the cammissioners. will, if
necassery, fix the order in which entrants will fly, by the drawing of lots.

Entries are valid duwing the whole of the time the campetition con-
timies, and allow the entrants to make the three attempts as stated in
Rule 7'

A fall puts the competitor out of the running.

The shortest distance Landing Test will be made under the followling
conditions:

A sanded area, finely raked, messuring 200 meters along one side,
will be made at -a point on the given track. On this area the campetitana
must land.

The distance travelled on the ground at landing will be measured as
follows: A line will be traced perpendicular 3o the rsar plunb line of
the traces of the wheels of the airplane at its first contact with the
ground; then will be taken the perpendicular passing through the axis of
the wheels when the machine has stopped, and this line will be projected
on the ground.

The distance betwesen the two perpendiculars shall be the distance
covered at landing,

The time-kespers! expenses shall be borne by the entrants.

The newspaper organizing this Competition can in no case be held re-
sponsible for any accident occurring during the Competition, either to
pilots or othsrs.

ENTRIES
Entries will be received at the offices of ®LlAuto" from March 1lst.
Would-be Competitors must send their request to the "Auto"™; an Eatry
Form will then be supplied, which they must return, duly filled in and
signed, together with the EBuatry Fee of 500 franes.

The list of Entries will be closed on March 3lst at 6.30 p.m,
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General Principles. .

The five years of War have brought about a rewmarkable development of
.aviation in all its different departments. Let us hasten to add that we
cannot have & very clsar idea of all the progress actamplished until af-
ter our return to normal pesace conditions, the manufacturers of* the two
enemy camps having naturally hidden their designs fram each other: Within
the very near future, the rivals on both sides will learn what their
recent enemies have been doing.

Meanwhile, whatever may be the general opiniom, there is no problem
mors urgent than that of security. The coamplete statistics of accidents
ocewrring quite recently, give the following results (excluding, of
course, war accidents).

Falls when the machine is near the ground, 86%.
Falls in full flight: 14%.

The latter item, moreover, diminishes year by year. The 86% of the
first class of accident is divided as follows:

Starting accidents (getting off) 19%.
Accidents at landing: 67%.

And this latter class does not seem +to diminish at all, on the
contrary.

Also, the steadily increasing speed of flight renders .landing a more
and more ticklish thing to effect, especially on a strange ground. The
obvicus conclusion is that we must encourage all investigations having for
their object the minimizing of landing difficulties, and of the distance
to be traversed before stopping.

The new Michelin prize is the outcome of this movement, and the sol-
ation of the problem is hoped for in the helicopter type machine.

Considering only the airplane -~ the current solution at present -
we can understand the advantage of flying at high speed; but, at the same
time, a very low landing speed is necessary for security’s sake., From
these two requirements bhas arlsen the Speed Ratio Competiticn, thae Rules
of which have just been given.

These intreductory remarks were necessary, but we must not forget
that the idee of such a test dates back ten years, and that its author
was the Marquis de Dion, who thus gave another proof of his practical
common sense., From the time of the first landing accidents - and Heaven
knows how painful they were - M. de Dion was impressed with the necessity
of reducing landing speeds. This Competition should, therefors, be placed
wider his patrovage. Thers is no greater authority in the matter than he.

C. FARQUX.
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CONCERNING THE RULES OF THE "EIGHEST SPEED RATIO® COMPETITION."

The ratic of the maximun speed in horizontal flight at the altitude
of practical utilization of the airplans, to the landing speed, has been

callad by me* SPERD RATIO.

Assming horizontal £iight at 2000 m. and the ceiling at 4000 m.,

whichk corresponds to present day transport planes, we find that the
Speed Ratio for such planes is 1.88, that is, if we take a minimun land-

ing speed of 90 km/h, the maximum spsed of the transport airplane at )
2000 m. will be 90 x 1.88 = 16 kmfgf I then showed that this Spsepd Ratio,

WEICH LIMITS 1RANSPCRT FLANES T0 COMPARATIVELY LOW SPEEDS, may be 4n-

creageds’ .
lst, By increasing the altitude of the ceiling, while keeping the

altitude of flight under the ceiling, which would allow of the ratio
being increased proportionally to

V&2000/ O H - 2000, ©2000 anmd  SH - 2000

being respectively the specific weighte of the air at the altitude of
2000 m. and at 2000 m. below the ceiling. Thus, for flight at 8000 m.
with a ceiling of 10000 m., the speed ratio would be 1.88 x 1.41 = 2.65;
we should thus obtain a speed of 90 x 2.65 = 238 lkm/h.

But the useful load would be diminished on account of the increase of
engine power; this increase is proportional to ( < 2000/ ¢H - 2000) 3/2
TZOOO/ Ty - 2000, T2000 and Ty - s000 being respectively the absolute
temperatures of the air at 2000 m. and at 2000 m. below the ceiling. In
the above example

(S 2000/ $8000)*/2 = T2000/Ta000 = 3-96.

Yhe power of the engine om the ground and therefore its weight must
thus be tripled; but the consumption of fusl required for covering a given
distance remains the same as in flight at 2000 m., assuning, of course, &
zero wind and an invariable specific censumption of the engins.

2nd. By increasing both the ceiling and the distance separating the
altitude of practical flight from that of the ceiling. In this case,
however, we should not only have an increase in the power, and consequent-
ly, in tho weight of the engine, but alsc an increased weight of fusl to
sarry in order to cover a given distancs.

The increase of speed ratio dus to flight with smaller 1ift has a
limit corresponding to flight at minimun drag; the limit value of the
ratio for the 1918 airplenes is 2.04 instead of 1.88, that is, only 8%
greater than in the first case. If, as in the preceding example, the
machine has a ceiling of 10000 m., but is flying near the ground instead-

L ]
See the last publication of the works of the Eiffel Laboratory “"Resumé
of the principal weorks executed at the Eiffel DLaboratory during the War,?

P2,
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of at 8000 m. ths ratio will be (without allowing for variation of temper-
ature) 2.04 x 1.41 = 2.88 and the speed near the ground 90 x 2.88 = 259
km/h; the consumption of fusl for a given distance is 0.355/0.130 = 2.73
greater than that of the machine flying at 8000 m., 0.355 and 0.130 being
the respective values of Ry/By at 2000 m. and at 10000 m. below the ceiling.

3rd. Finally, the same increase of spaed as in the first cass can
be realized by the use of a supercharged engine which would still allow
of flying at 2000 m. below the ceiling, but with a much higher ceiling, the
power of the engine on the ground being increased only iam the ratic of

%/ S(u - 2000) [( S 2000/ 6 6)3/2 x T 2000/Tq)

that is, 1.1 for flight at 8000 m. We must alse allow for the increase
of weight due to the supercharging device. s

Alga, while possessing suffic¢ient excess powsr; the supercharged en-
gine would allow of flying at an incidence nsarer the optimun incidence
(Rx/Ry minimun); more especially, we can fly at an incidence correspond-
ing to that of an ordinary airplane flying at 2000/3, that is, 670 m.
below the ceiling (since the supercharged engine triples the ceiling of an
airplane fitted with an ordinary engline). Upder thsse conditions, ths
speed ratio for flight at BOOO m. would be only 2.16 instead of 2.88,
but on the other hand, the engins power and codsumption (the value of
Byx/Ry being lower) would be diminished, so that we should have to look fur-
ther into the gquestion in order to know whether it would be advantageous

to increase the ircidencs of flight. :

We will give an example eflabling us to take into accoimt the influence
of the indredse 8f powet on the useful 1683 of the machire in the two
cases! étdifidry engine and supekcharged ehglhe. A4 good pPesent day air-
Plane whi¢h lands at 90 km/h afld has ité'eeliing dt 4000 m., catries
40 kg/sq.m and weighs 6.8 kg/EP; We will asbume that the I-eight of the
engine set ie 1.5 kg/HP amd that the weight of the glider is 30% of the
total weight of the airplane. The following Table gives the nuzerical
characteristics for the thres cases.

Weight of sngins
set in § of totsl
weight of plans.
Weight of glider
Tot. Weight Plane
Useful Load

H Right t Flight at 8000 m,: Flight at 8000 m.
:  at 2000 nn. : with : with super-
: ! ordinary angine : charged engine.
Speed Ratio ¢ 1.88 : 2.65 : 2.8
‘Max_Speed in km/h @ 169 : 238 : 238
Weight per BP on : : H
ground 8.8 : 6.8/306 = 2.23 :  6.8/11 = 6.2

1.5/2.23 = 67%

30%
3%

1.5/6.2 = 24%

30%

46%

1.5/6.8 = 22%

a4 #8 40 v ge v 94

15 ¢ 4y
e S0 ag

30%
48%
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Iy this we seo that in the second case the machine cowld not carry
& useful loed, while the adoption of a chargad engine would allow the
speed to bBa Increased fram 169 to 238 h without any appreciable re-
duction of useful load*.

It is easy to show that for airplanss having the sgme reduced polar{l)

the Speed Ratio depends sclely on the oceiling and ou the altituds of utile
izgtion.

If wo compare the Standard REDUCED FOLARS (2) of airplanes turned
out from 1913 to 1919 we note that the spsed ratios (mazimum spesd at
2000 m., minimun speed near the ground, ceiling 4000 m.} corresponding
to thess polars, have increased from 1.33 to 1.88, that is,” g} 41%.

Yo will indicate the formulas giving the valuee of the Speed Ratipe
as function of the serodynemic and Mechanical charscteristic ccefficishits
of the airplans, and of the characteristics of the atmosphers at the als
titude of the ceiling and of flight at maximum spesd. ° - A3

A

&
Lt

® 8¢ Note 1, p. 1L

(1) For comparing airplanss fram an aercdynamical point of view, I es-
tablished s new method in 1916 which has proved fruitful in practics.
This method consiats of reducing the polars of airplanss to the sur-
face of 1 sq.m., that is, of dividing the valuas of the elsments of
the resultant by the area of the airplane. The polar thus obtainsd

~ will be the REDUCED FOLAR of the ajrplans, »

(2) Comparing the reduced polars of airplanes constructed during a cor-
tain pericd, we see that mest of them differ very little from esach
other, so that the airplanes of each year, say, may beg character-
ized by a well determined reduced polar. This I have called the
STANDARD REDUCED POLAR.

’
>



We will call:
Y. _ Meximun speed

— ——
—

Vm  Minimun speed near the groupd

Kym ¥aximun 13£% of airplane.

Ey/Ey Fineness ratic of airplane st incidence of flight st msxduun
speed.

(KYS/ 2/Kx)E The characteristic coefficient of the reduced polar cor-'
" responding to flight at the ceiling.

P MOTIVE powar of the engine on the ground at the mumbsr of revo-
lutions corresponding to horizontal flight near the ground at
maximun speed.

Q ths weight of the airplane.

s the 1ifting surface. '

6o 20d T, ~ Specific weight and absolute temperature of the air on the
ground.

Sand T - Specific weight and sbsclute temperature of the sir at the
altitude of flight at spesd V.

Sy and 'I‘H - Specific weilght and absolute temperature of the air at the
ceiling. .

£(V) - Beduction of the useful power of the engine set (with respect to
the useful power on ths ground) for flight at speed V.

£(Vg) ~ The same reduction for flight at ceiling.

/Oo -~ Efficiency of propeller in horizontal flight near the groumd at
nmaximun spsed.

We have:
.,f m
\JE_E@..;_Q_ ._..g: x . 2(V) x KY
Qe T TG T pe Ry

\‘ KY‘”
372
f(vf,‘) & . (& T\
- By -\ K
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If the maximupn Epsed. test ie made near the ground, as in the Campe-
tition, T=1T,, & = and £(V) = 1. Under these conditions, ths
foregoing formulas are wr?.tten as follows: .

=8 . &=, .
i DR it~

or 3 /g .
£ - {_9;0__) T a2 Nt
ox T, 27y 5 77N
' Ky Eg

The dsmonstration of theseé formulas will be found in NOTE II annexed
to the present study, p. 12.

Fran what precedes it wiil at once be seen that the airplane win-

ning the Speed Ratio Octpetition must bave the highest ceiling and must
therefotre also realize the lowest aerodynamical qualities produced by

E, = \J(Q/S). Now, mo useful load is imposed by the Regulations and
as, on the other hand, the weight of fuel to be carried is very small,

we may estimats the total load at 100 kg. correspording to the weight

of the pilo% and the fusl cerried.

We will try and see which type of airplans among those existing, has
the best chancs of carrying off the prize.

s will call:

Q - The total weight of an airplane with the complete load (gcy) which
it carries in practice.

dp - The weight of the glider.

Gn -~ The weight of the eng ine set.

& 1% ana (o/Pm)l* - The weight per square meter and per HP of the
S airplane after being lightened for participa-
tion in the Campetition.
a -~ The weight per HP of the engine set.
It is easy to show that:

(/)1 = ¢/ (ap/Q + aBy/Q + 200/Q)
(U/B)1" = 1 + qp/Q x Q/aB, + 200/aB,

*]1 is an indsex.



- 10 -

We thue see that the values of Q/S and Q/B, for the lightened air-
Plane, and consequently the product Q/S x Q/Pp will be all the smaller,
as the load per sq.m. and per HP of the original airplans was smaller.

For several actusl airplanes which seem to me the most likely win-
ners in the Competition; I give in the following Table the values of the
Speed Ratio (ratio of marimun and minimun speeds near the ground) and
also the valuss of the ceiling, determined by means of my ABACUS FOR DE-
TERMINING THE PERFORMANCES OF AN AYRPLANE,

From what has just been said, it will be rematked that the condi-~
tions of the Competition ere the same as those for a Ceilihg Competi-
tion, and we note the agreemsnt between the performances determined by
ths abacus and the actual performances of the airplansd mentioned.

We believe, however, that the minimun spesds will be slightly less
than thoss we indicate, 50 that the Ratios will, in reality, be rather
larger.

We admit, of course, that the controls of the machines have still
sufficient powet at low speeds to enable the machine to £fly at these
low speeds near the ground without danger, as reguired by the Begulations.

Type of ¢t Nieuport* ¢t Curtiss : Bregust* : Bristol*
Machine :¢ 28 C.1 : "Nasp® : "Berline®™ : "Bullet"
Description it Bingle-' ; Single- $ Transport ; Single-seater
::  seater ¢ seater : Plane for : Pursuit
1t  Pursuit : Pursuit @ 7 men H plane
e plane ¢ rlane : :
HH Hispano : Curtiss ¢ Renault : Cosmos
t: engine 4 enginé : engine : engine
. :: 860 =319 260 : 1850 _ j1g8:9 870 _z1.6
Refsam i1 S N -
it === . : 1850 _ = 1,94
Ke/EP 510 -2 < igp = Bt d 450 8 %o e
Speed ¢t 835 -394 :262- 3,1 : 496 -d.1 :268 =34
Ratios tt 80 © b 81 .t .63 KE
] . » '
bie;l;“g M ee0 Y gs00 ! 10000 ¢ 10600

We thus ses that the rules of the Competition favor specialized ma-
chines or those which have been specially transformed for f$he Competition,
and that no account is taken either of the aerodynamic guslities of the
machines nor of theilr practical qualities for the work for which they

. were designed.

* For a fuller description see "The Paris Air Show, 1919" {cn file in the
O:ffice of Aeronautical Intelligence of the National Advisory Committee
1Jr Aeronautics).
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For a Speed Ratio Competition to be of service to Aviation, Y con-
sider that the rules should provide for two testa. The first would
serve to classify ALL airplanss taking part in the Competition by thelr
aerodynamic qualities. For this purpose would be determined for each
airplane the speed ratios corresponding to maximun horizontal speed at
2000 m and to minimun speed near the ground, THE AIRPLANE REING LOADED
SO AS TO HAVE ITS CEILING AT 4000 m. For machines not baving their ceil-
ing at that altitude, the maximum speed test would take place near the
grouni and the speed ratios wovld be corrected as indicated above.

The second test, intended for ths ccmparison of the Speed Ratios
of airplanes used for the same kind of work, would consist of a maximun
speed test at the altitade of practical utilization of the airplane ,
and a minimum speed test near the ground. '

The different categoriss in which the airplanes would be classified,
and the altituds (H) of the maximum gpesed tests, might be as follows:

MILITARY AIRPLANES.
I. - Pursuit Planss, single-seaters - H = 6000 m.
I1. - " w two-seaters, and Army Corps Planes - H = 5000 m.
III. - Night Bombing Planes - H = 4000 m.

TRANSFORT AIRFLANES.
For all airplanes -~ H = 2C00 m.

SPECIAL AIRPLANES.
No limitation of ussful load; maximum speed test to be made near the

growd.

REMARK. ~ The altitudes indicated are minimum; competitors wishing to
fly at greater altitudes would be frse to do 80; such might espacially be
the case with AIRPLANES FITTED WITH SUPEECHARGED ENGINES. )

Military Airplanes would bave to carry the regulation useful load
and amount of fuel; Transport Planes would carry, eay, 100 kg. psr pas-
senger and fusl for 600 km. with a codtrary wind blowing at 50 km/h.

We think that with rules such &8s we have just sketched, the Speed
Ratio Competition might usefully contribute to the progress of Aviation,
while the rules as now laid down lsad to the participation in the Com-
petition of speciasl airplanes, or of machines speclally transformed for
the occasion amd which are of no practical use.

NOTE 1. - To be complets this Table should also comprise the case of the
airplane with SUPERCOMPRESSED engidne and with engine SUPERCOM-
FRESSED AND LIGHTENED.

Wo may estimate that for flight at BOOO m., the weight of the set
with supercampressed engine would be equal to 0.67 x 0.94 - 0.63 of the
total weight of the airplane, o0 that the useful load (7%£) would still be
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too small. Ad regards the supercanpressed and lightened engine, it has

not yet been duilt for an altitude of 8000 m., dut, because of its great
woight and low mechanical efficiency, we 4o not think it would be more,

advantagecus at high altitudes than the supsrcharged engins.

NOTE 2. - ESTABLISHMENT OF THE FORMULAS FIGURING IN THE FRECEDING TEXT.

For the Notation, ses p. S.

Section 1. ~ VALUE OF THE SFEED RATIOS IN FUNCTION OF THE ALTITUDE OF
FLIGHT AT MAXIMIM SPEED. '

In what fellows I admit that the relation between the specific weight
of the air and the altitude is:

h=21400%g ( § /9 ) (1)
which correspends with sufficient approximation to the Staendard Atmosphere

of the S.T.48. (T, = 2889, Oo= 760 mm., decrease in the temperature by
Radau's Law.)

The values of the altitude, the characteristics of the Standard At~

mosphere, and the values of £(V)* may be connected dy the approximate
expression: ‘

h = 17500 So_ T°2/3 ! (2)
=100 T (== - - TEWAS

Under these conditions, it is easy to show that IF AN AIRFLANE IS
FLYING AT A GIVEN INCIDENCE THE DIFFERENCE BETWEEN THER ALTITUDE OF FLIGHT
AND THE CEILING WILL ALWAYS BE THE SAME WHATEVER BE THE ALTITUDE OF FLIGET.

In point of fact, by eliminating the speed frem the two fundamental
eguations of horizontal flight of an ajirplane:

Q= c5"/«:*5_0 . Ry . W
By, Po - Ty . E(Vi=Rg . V

ws obtain the velation

B pRR (S 6 . (re/mP3 )
Q f(V)zfs . (RyfR;;z/F)

I havs established the values of this function'in the last publication
of 'the works of the Eiffel Laberatory: "Resund of the principal works
executed during the War ....," p. 100,
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Let hy, Hy, and hp, Hy, be two groups of valuss of the altitude of
£light and the haight of the ceiling, corresponding to different powars,
but suveh that the flighte at altitudes hj and by, as well as at the ceil-
ings Hy and Hp, take place ih each case at the sams indidence.

Under these conditiopns we haves

—_—
17500 Log 2 | = 17500 Lo :

or

Ha-hz = Hl-hl “o o

Wo stated above, p. 5, that THE SPEED RATIOS COULD BE INCREASED FRO-
PORTIONALLY TO ~[2006/ S H-2000 BY INCREASING THE ALTITUDE OF THE
CEILING WHILE KEEPING THE SAME ALTITUDE OF FLIGET BELOW THE CRILING.

In fact, as we have just seem, the airplane will fly in both casas
at the same incidence, that is, at the same value of Ry and as

v= /Ry . %/0 )

the maximun spsed at altitude (H - 2000 m) will be increased in the ratio

:lie . u‘r\xLG 2000/ S H-2000° the minimun speed near the ground remaining

IF THE INCREASE OF SPEED IS OBTAINED BY INCREASING BOTH THE ALTITUDE
OF THE CEILING AND THE HEIGHT SEPARATING THE CEILING FROM THE ALTITUDE
OF FLIGHT AT MAXIMUM SPEED, THE INCREASE IN THE RATIO WILL BE:

J T
{ Sspp0 . 1.08 \} °
S g Tr_2000 £ (Vu-2000)

As a.matter of fact, according to relation (1) we may write that the
increase of speed at altituds H-2000 m is?

’ 2000 - 54000
6 H-2000 Sg

There is a second increase of 8% due to flight at smaller drag; fin-
ally, the third increase is proportional to ths cube root of the inocrease
of useful power due to the increase of temperature, of efficiency, and of
the mumber of revelutions. As regards the valus of ¥{Vy.goop) bowever, it

may bs equal to uvnity if the propeller bas been specially calculated for
flight at the altitude H~2000.




- 14 -

Se ction 2. - VAI.UES OF THE MOTIVE POWER IN FUNCTION OF THE ALTITUDE OF
FLIGHT AT MAXIMUM SFEED.
lst Cese. - ORDINARY ENGINE.

Equation (3) may be written as follows:

B =7, A 1 (So/6)%2 . T/ (4)
® Po my 3/ 2/3 | £(7)
Let P be the motive powers of the sams a.irplane flying at the same

incid.ence axg altitudes where the specific weights of the alr are respec-
tively 6 ! and & ¥ and the absolute texmpsratures TY and T".

Conseq uently, by equation (4) we have
Po=P . (S '/dﬂ)3/3 (/) L 2(vm/E(EY) ,?‘o/'ﬁ"o
I ; 3 L = " >
By equation (2) we may write, admi tting ID o /D o ¢

Log m = 3 Hv-H! = Hv-F!
P 2 T I%0 11650

where H' and H" are the respective ceilings of the airplanes in the two

. Cases.

2nd Case. - SUPERCHARGED ENGINE.

In the case of a supercharged engine gearsd to a variable pitch pro-
peller and keeping constant power P“m at ell altitudes, we have:

n = o3/2 1 o 1/2
P . — . w 5
m -9 P"o R—g%g——'y . ( Sof &M (5)
Dividing expression (5) by expression (4) we obtain:
" 1/2 ] £(V?
Bu=B . <<5§/Zd ) C P, B
(S/ SN2 (T/11) rPo -

If we assuue P'o = P“o' ws have:
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Section 3, - VALUES OF TEE SFEED RATICS IN FUNCTION OF THE CHARACTERISTIC”
MECHANICAL AND AERODYNAMICAL COEFFICIENTS OF THE AIRFLANE.*

Combining the eguation of flight near the ground at minimum spesd

Q=KYm . s . sz

with the oquation of flight at altitudes (& ) at maximum speed (V)

v,)

Bn Ro (W) . /T, . S/ T =0Q . K/K - v (6)

we have:

=V, = {8/q . Bfext/r, . S/6_ . p, T x

Q
V Ky © (7)
Rz/Ky

which gives the valus of the speed ratio im function of the load per sq.m.
and per H.P,, and also the characteristic coefficients of the reduced polar
of ths airplans.

By means of expression (6) written for the ¢ceiling, we eliminate

the value of ~{8/Q . PpfQ in equation (7) and obtain: -

3/2
g . To - l z
B~ OXT B : £O 3
4 (V. .
go . To B S S Ky )H
T
By

By this expression we can determine the speed ratics, when we take the ceil-
ing, [( S/ 6,3)3/ 2, /g - l/f(VHJ , the altitude of utilization
[(50/ a . 1/t . l/f(v)] , and the aercdynamic coefficients charac-

terizing the ceiling { KY 3/ 2/ H] the altitude of utilization (Kz/Ky)
and the flight near the gr

This latter formula shows clearly that, as we have said on p.7, for a
given type of airplane &) the speed ratio depends solely on the ceiling
and the altitude of utilization. '

EXAMPLE: For an airplane of the 1918 type for which H = 4000 n and the al-
tituds of utilization is 2000 m, we have:

.1.588/2x 1.09 x 1
E= 0.960 x 0.063 = 1,62 x1.16 = 1.88

1 0.13 x 1.68
.22 x 1023 3585

* See p. 16.
*E
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* By characteristic mechanical coefficients of the airplans, I mean
the ratios Q/S and Q/F,, which are the load per sq.m. and the load
Per H.P,; the chara.cteristic agygdymmiml coefficients are the
valuss of Ky° maximun 1ift; Ky /</Ky mex. K¥/K¥ at altitude of
practical utilization and Kx min., ralative te reduced polar.

** Ajrplanes of the same type bave the same reduced polar.



